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Abstract: Seed micromorphology of 20 species of Minuartia L. (Caryophyllaceae) that represent 2 different subgenera (i.e. Minuartia
subgen. Spergella (Fenzl) McNeill and Minuartia subgen. Minuartia) were examined using scanning electron microscopy. Some
qualitative and quantitative characters such as seed length and width, seed shape, cell shape, and cell ornamentations were studied. The
results showed that seed micromorphology might provide useful tools in recognition and separation of Minuartia hamata (Hausskn.)
Mattf. from other species of sect. Minuartia. Minuartia khorassanica Assadi & Mostafavi, a recently described species from Iran, is
another species that micromorphologically was quite different. The species M. juniperina (L.) Maire & Petitm., belonging to sect.
Acutiflorae (Fenzl) Hayek, was completely distinct from other species in this section by having glandular papillae on the cell surface. As
a result, seed micromorphology with a few exceptions showed variation and its taxonomic value was significant in distinguishing taxa
at the species level.
Key words: Caryophyllaceae, Minuartia, seed micromorphology, taxonomy, Iran

1. Introduction
The genus Minuartia L. [(Caryophyllaceae Juss., subfamily
Minuartioideae (DC.) Beilschm., tribe Alsineae DC.,
according to Takhtajan (1997)] contains about 120 annual
or perennial herbaceous species throughout the temperate
and arctic northern hemisphere (Bittrich, 1993).
Its members, especially the perennial ones, grow on
rocky ledges, in stony soils, and in alpine environments
(McNeill, 1962, 1963).
Minuartia is distributed in Europe with over 50 species,
the former USSR with 44, Turkey with 42, and North
America with 30 species (Schischkin, 1936; Halliday, 1964;
McNeill, 1967; Meikle, 1977; Kamari, 1997). McNeill
(1962) outlined an infrageneric classification of the genus
including 4 subgenera. Subgenus Minuartia with 12
sections is the largest.
According to Rechinger (1988), Iran, with 21 species
classified in 2 subgenera (i.e. subgen. Spergella and subgen.
Minuartia), is one of the main variation centres of the
genus.
More than half of the species occurring in Iran are
reported in the north-west of the country (Rechinger,
1988). Most of the Iranian Minuartia species are
morphologically closely related, such that their taxonomy
* Correspondence: golaleh.m@gmail.com
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had been controversial for a long time. The importance
of seed micromorphology in classification of taxa in
Caryophyllaceae has long been recognised by different
authors (Barkoudah, 1962; Prentice et al., 1986; Volponi,
1986; Yıldız & Çırpıcı, 1998; Yıldız 2002; Minuto et al.,
2006; Kaplan et al., 2009; Eröz Poyraz & Ataşlar, 2010;
Fawzi et al., 2010; Amini et al., 2011; Minuto et al., 2011;
Koç et al., 2011).
Bittrich (1993) believed that seed micromorphology,
especially the cell surface shape, is a valuable diagnostic
character for distinguishing taxa at the species level in
the family. In Caryophyllaceae, seeds are small in size
(i.e. 0.4–3 mm long) and they are black, brown, or nearly
white in colour (Bittrich, 1993). Their shapes are different
(i.e. reniform, pyriform, or orbicular) and they are rarely
winged (subgen. Spergella) (Bittrich, 1993). The testa is
variously sculptured by papilliform cells, but they are
rarely completely smooth (Bittrich, 1993).
A few seed micromorphological studies have been
performed on the subfamily Minuartioideae (including the
genera Sagina L. (Crow, 1979), Arenaria L. (Wofford, 1981;
Wyatt, 1984), and Minuartia (Çelebioğlu et al. 1983). Seed
micromorphology of selected species of Caryophyllaceae
in Turkey was studied by Yıldız (2002).
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The seed micromorphology of the genus Moehringia
L. (subfamily Minuartioideae) and 12 representatives of
Caryophyllaceae were studied by Minuto et al. (2006).
Among the mentioned species, only 2 Minuartia species
(i.e. M. verna (L.) Hiern and M. rupestris Schinz & Thell.)
were taken into consideration (Minuto et al., 2006). In
addition, the great variation in seed coat micromorphology
of Moehringia L. and some new morphological features
have been described (Minuto et al., 2006, 2011).
Due to the lack of comprehensive investigations on the
seed micromorphology of Minuartia species worldwide,
complementary studies (such as pollen and seed
micromorphology and molecular phylogeny) are required
to determine the exact taxonomic position of the species.
Fior et al. (2006) worked on only 6 species of the
genus belonging to 3 different subgenera, i.e. Minuartia,
Rhodalsine (J.Gay) McNeill, and Spergella. The only
common species with the Iranian ones was M. picta (Sibth.
& Smith) Bornm., which was close to some Arenaria
species in the parsimony strict-consensus tree based on
simultaneous analysis of ITS and matK sequences. That
is why they called the genus paraphyletic. Harbaugh
et al. (2010) also confirmed that Minuartioideae is not

monophyletic and they called some genera, such as
Minuartia and Arenaria, polyphyletic based on chloroplast
genome sequences. The results of Greenberg and
Donoghue (2011), based on nuclear ribosomal ITS region
and 5 chloroplast genes and intergenic spacers, with a few
exceptions, support the tribal classification presented by
Harbaugh et al. (2010). Greenberg and Donoghue (2011)
worked on only 20 species of the genus (none of them except
M. picta existed in Iran) and found that Minuartia species
appear in tribes Sclerantheae (A.L.Juss.) DC., Sagineae
Tanf., Sperguleae Dumort., and Eremogoneae Rabeler &
W.L.Wagner; therefore, they are not strictly monophyletic.
According to the latest morphological studies, the genus
Minuartia in Iran comprises 22 species (Mostafavi et al.,
2011a, 2011b). In this study, seed micromorphology of 20
Minuartia species belonging to 2 subgenera is investigated.
2. Materials and methods
Ripe seeds were collected from the field or taken from the
herbarium material deposited at TARI and FUMH. The
list of the species and their localities are shown in Table
1. Micromorphological data were obtained using scanning
electron microscopy (SEM) (LEO 440i). Each sample

Table 1. The list of the Minuartia species used for seed micromorphological study and their localities.
Taxa

Localities

M. picta

Yazd: Nodushan to Hafthar, ca. 1400 m, Mozaffarian 77388 (TARI)

M. acuminata

M. meyeri

Azarbayejan: Urumieh, Silvana, Mavana, 2600 m, Mozaffarian 69893 (TARI)
Azarbayejan: Arasbaran protected area, Kalan mountain on the west side of guard station, 2470 m, Jamzad, Zehzad
& Izadpanah 70234 (TARI)
Isfahan: Semirom, 35 km Semiron to Chaharrah, 2200 m, Nowrouzi 3760 (TARI)

M. decipiens

Hormozgan: Bandar-Abbas, ca. 50 km north of Senderk Araghein, 1100 m, Mozaffarian 44598 (TARI)

M. micrantha

Azarbayejan: Maku, 1230 m, Foroughi 3871 (TARI)

M. recurva

M. montana

Azarbayejan: Arasbaran protected area, mountains south of Zeinagh, 1200 m, Assadi & Masoumi 20364 (TARI)

M. sclerantha

Azarbayejan: Arasbaran protected area, Veinagh to Ghaghalu, ca. 1000 m, Assadi & Masoumi 20496 (TARI)

M. hamata

Tehran: Damavand rocky mountains, north of Veliran village, 1850 m, Mozaffarian 32271 (TARI)

M. hybrida

Lorestan: Sefid-kuh mountain, Farah-kash, 1800–1900 m, Wendelbo & Assadi 16685 (TARI)

M. mesogitana

Azarbayejan: 62 km from Ahar, on the road to Tabriz, 1400 m, Assadi & Masoumi 20582 (TARI)

M. subtilis

Tehran: Haraz road, Lar valley, 2400m, Sanii & Assadi 14167 (TARI)

M. umbellulifera

Azarbayejan: Urumieh, Rajhan, 2500–3000 m, Zehzad 2377 (TARI)

M. sabalanica

Azarbayejan: Sabalan mountain, 2900 m, Foroughi 6120 (TARI)

M. aucheriana

Isfahan: Fereidoon shahr, near Sibak village, 2900 m, Assadi & Khatamsaz 76484 (TARI)

M. glandulosa

Azarbayejan: Urumieh, Pesan, Bani top of mountain, 2495 m, Mozaffarian 87504 (TARI)

M. lineata

Azarbayejan: South slope of Sahand-kuh mountain, 2600–3500 m, Assadi & Mozaffarian 30761 (TARI)

M. juniperina

Azarbayejan: between Ghareziaeddin and Khoy, 1400 m, Assadi & Mozaffarian 86861 (TARI)

M. sublineata

Fars: North of Dena mountain, 2800–3600 m, Assadi & Mozaffarian 31483 (TARI)

M. khorassanica

Khorassan: west of Ghaen, Tajan mountains, 1900 m, Raafei 30924 (FUMH)
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was coated with a 550-Å-thick layer of gold in a Polaron
SC7610 vacuum coating apparatus for 180 s. At least 3
specimens from different localities were measured on
average using Carnoy, a digital measurement tool (Schols
et al., 2002). Some characters including seed length and
width, cell length and width, seed shape, cell shape, cell
ornamentations, and cell margin were measured.
3. Results
Seed micromorphological characters used in this study are
represented in Tables 2 and 3 (terminology according to
Bittrich, 1993).
3.1. Shape
Three different seed shapes including reniform, reniformpyriform, and elliptic were found in the Minuartia species
examined. Most of the species, including M. meyeri (Boiss.)
Bornm., M. decipiens (Fenzl) Bornm., M. micrantha
Schischk., M. hybrida (Vill.) Schischk., M. mesogitana
(Boiss.) Hand.-Mazz., M. subtilis (Fenzl) Hand.-Mazz.,
M. umbellulifera (Boiss.) McNeill, M. sabalanica (Assadi
& Mostafavi), M. aucheriana (Boiss.) Bornm., and M.

glandulosa (Boiss. & Huet) Bornm., have reniform seeds.
Seed shapes in only 2 species, M. sclerantha (Fisch. &
C.A.Mey.) Thell. and M. hamata, are elliptic. Other
examined species have reniform-pyriform seeds (Tables 2
and 3; Figures 1–4).
3.2. Ornamentations
Seed ornamentations were verrucate, verrucate-reticulate,
verrucate-glandular, or rugose. Most of the species
investigated had verrucate ornaments except M. meyeri
and M. aucheriana (with verrucate-reticulate ornaments),
M. juniperina (with verrucate-glandular ornaments), M.
khorassanica (with rugose ornaments), and M. hamata
(without any discernible ornaments) (Table 3; Figures
1–4).
3.3. Size
Among the species studied, M. subtilis (sect. Sabulina) (401
× 315 µm) and M. khorassanica (sect. Khorassanica) (2246
× 1623 µm) had the smallest and largest seed length and
width, respectively (Figures 2 and 4; Table 2). The largest
cell length (125 µm) was observed in M. khorassanica,
which was morphologically different from other species

Table 2. Comparison of seed micromorphological data in Minuartia species (quantitative characters).

Taxa

Characters
L (µm)

W (µm)

L/W

CL (µm)

CW (µm)

CL/CW

CD (µm)

M. picta

698

492

1.41

51

25

2.04

4.2

M. acuminata

634

511

1.24

70.5

27.5

2.5

3.9

M. recurva

1173

981

1.89

81

45.5

1.8

6.9

M. meyeri

883

601

1.47

121

37.6

3.2

3

M. decipiens

685

657

1.04

74.5

19.7

3.8

9.6

M. micrantha

765

506

1.51

99.5

30.3

3.3

2.9

M. montana

822

515

1.6

73.5

24

3

3.7

M. sclerantha

689

432.5

1.6

47

24

1.95

2.6

M. hamata

1363

853.5

1.6

0

0

0

0

M. hybrida

468.5

341

1.37

76

17.2

4.4

1.3

426

410

1.03

53

25.5

2.1

2.6

M. mesogitana
M. subtilis

401

315

1.27

89

17.6

2

1

M. umbellulifera

1062

905.5

1.17

111.5

34.5

3.2

2.8

M. sabalanica

1027

648

1.6

72.6

30.7

2.4

1.8

M. aucheriana

782

712

1.1

76.8

18

4.25

4.2

M. glandulosa

1196.5

600.8

2

81

31

2.6

1.6

M. lineata

1005

722

1.4

82

25

3.3

2.8

M. juniperina

858

622

1.38

83

18

4.5

2.3

M. sublineata

1132

831

1.36

84.2

26.8

3.1

2.3

M. khorassanica

2246

1623

1.52

125

24.1

5.2

4.3

Abbreviations: L: seed length, W: seed width, CL: cell length, CW: cell width, CD: cell distance.
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Table 3. Comparison of seed micromorphological data in Minuartia species (qualitative characters).

Taxa

Characters
S

O

SC

CS

CM

M. picta

reniform-pyriform

verrucate

brown

elongated polygonal

dentate

M. acuminata

reniform-pyriform

verrucate

brown

polygonal

entire

M. recurva

reniform-pyriform

verrucate

brown

oblong

sinuate

M. meyeri

reniform

verrucate-reticulate

brown

oblong

dentate

M. decipiens

reniform

verrucate

brown

oblong

entire

M. micrantha

reniform

verrucate

brown

oblong

dentate

M. montana

reniform-pyriform

verrucate

brown

oblong

dentate

M. sclerantha

elliptic

brown

oblong

dentate

M. hamata

elliptic

light strawy-brown

irregular

sinuate

M. hybrida

reniform

verrucate
without
ornamentation
verrucate

brown

elongated polygonal

sinuate

M. mesogitana

reniform

verrucate

brown

polygonal

dentate

M. subtilis

reniform

verrucate

brown

oblong

sinuate

M. umbellulifera

reniform

verrucate

brown

oblong

dentate

M. sabalanica

reniform

verrucate

brown

polygonal

dentate

M. aucheriana

reniform

verrucate-reticulate

brown

oblong

sinuate

M. glandulosa

reniform

verrucate

brown

elongated polygonal

dentate

M. lineata

reniform-pyriform

verrucate

brown

oblong

dentate

M. juniperina

reniform-pyriform

verrucate-glandular

brown

oblong

dentate

M. sublineata

reniform

verrucate

brown

oblong

sinuate

M. khorassanica

reniform

rugose

orange

polygonal

entire

Abbreviations: S: seed shape, O: cell ornamentations, SC: seed colour, CS: cell shape, CM: cell margin shape.

of subgen. Minuartia, especially in sepal shape (broadly
ovate) and veins (5 distinct veins).
3.4. Colour
Seed colour in most cases was brown, while 2 species, M.
khorassanica (with orange colour) and M. hamata (light
strawy-brown colour), were different from other species
(Table 3).
3.5. Wing-like appendix
An obvious difference seen in M. khorassanica in contrast
with other species in the genus was the existence of a
wing-like appendix at the dorsal part of the seed (Figure
4). Other species had no wing-like appendix (Figures 1–4).
4. Discussion
According to the current study, the seeds of Minuartia
species bear several micromorphological characters that
can be used for taxonomic purposes.
Considering some basic differences in morphological
and
micromorphological
characters,
Minuartia

khorassanica shows no close similarity to any other
member of the genus, and therefore could not be assigned
to any sections known in the genus (Mostafavi et al.,
2011a). More studies, especially molecular investigations,
are essential to determine the exact taxonomic position of
the species at the sectional level.
Despite the fact that Minuartia hamata is currently
in section Minuartia (McNeill, 1962; Rechinger, 1988),
it shows some differences in morphological and seed
micromorphological characters compared with other
species of the section, such as seed shape, cell shape, and
seed ornamentations (Table 3; Figure 2). According to the
similarities between Minuartia hamata and the members
of the genus Queria, the species was once a member of that
genus (under Q. hispanica L.). Regarding some differences
observed in M. hamata in contrast with other Minuartia
species, complementary studies such as molecular
investigations are essential to make a final decision about
the exact taxonomic position of the species in the future
studies. Minuartia montana L. and M. sclerantha are 2
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Figure 1. SEM micrographs of seed morphology of Minuartia species: a, b, c, g, h, i- general appearance; d, e, f, j, k, l- testa cells. a and
d- Minuartia picta, b and e- M. acuminata, c and f- M. recurva, g and j- M. meyeri, h and k- M. decipiens, i and l- M. micrantha. Scale
bars: a, i = 30; b, c, g, h = 100; d, k, l = 10; e, f, j = 20 μm.

closely related species of sect. Minuartia. These species
differ in sepal base shape and the number of seeds in
the capsule. Despite morphological similarities, they
are quite different in the seed shape and ornamentation
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(Figure 2). Therefore, micromorphology seems to be an
appropriate tool for distinguishing between these 2 close
species. Minuartia meyeri and M. decipiens are 2 other
species of sect. Minuartia that are very close to each other
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Figure 2. SEM micrographs of seed morphology of Minuartia species: a, b, c, g, h, i- general appearance; d, e, f, j, k, l- testa cells. a and
d- Minuartia montana, b and e- M. sclerantha, c and f- M. hamata, g and j- M. hybrida, h and k- M. mesogitana, i and l- M. subtilis. Scale
bars: a = 100; b = 200; c = 500; d = 10; e, f = 50; g = 20; h, i = 30; j = 3; k, l = 2 μm.

morphologically and can only be distinguished through
sepal shape and pedicel length. Seed character in the above
species is a useful taxonomic character for separating them
(Figure 1).

Minuartia juniperina (sect. Acutiflorae), which is
morphologically similar to other species of the section
(especially M. lineata, M. glandulosa, and M. sublineata),
has quite different cell ornamentation (verrucate-
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Figure 3. SEM micrographs of seed morphology of Minuartia species: a, b, c, g, h, i- general appearance; d, e, f, j, k, l- testa cells. a
and d- Minuartia umbellulifera, b and e- M. sabalanica, c and f- M. aucheriana, g and j- M. glandulosa, h and k- M. lineata, i and l- M.
juniperina. Scale bars: a, b, c, g = 100; d = 2; e, f = 10; h, i = 200; j = 20; k, l = 50 μm.

glandular) in comparison with other species (Figures
3 and 4; Table 3). Moreover, seed micromorphology
of M. sabalanica is completely different from that of M.
umbellulifera (both of sect. Acutiflorae), in contrast with
their high similarities in morphological characters (Figure
3) (Mostafavi et al., 2011b).

452

Although the 3 annual species M. hybrida, M.
mesogitana, and M. subtilis (belonging to sect. Sabulina)
have many similarities in morphological characters, which
makes their recognition difficult, they show different seed
micromorphology. Minuartia hybrida is distinguishable
from both other species in its unique cell surface, which is
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a

b

c

d

Figure 4. SEM micrographs of seed morphology of Minuartia species: a, b- general appearance; c, d- testa cells. a and c-Minuartia
sublineata, b and d- M. khorassanica. Scale bars: a, b = 100; c, d = 10 μm.

quite smooth and mosaic-like (Figure 2). Minuartia hybrida
and M. subtilis could be discernible from M. mesogitana in
having seeds covered by cells with sinuate margin (instead
of dentate, as in M. mesogitana) (Figure 2).
In general, with a few exceptions, the results of the
present study show that seed micromorphology in
Minuartia seems to provide valuable and distinctive
characters for separating taxa at the species level.
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